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liVIHRYOCJENESIS, ClJETl'RE AND DESCRIP HON OE IHE EREE-EIVINC STACJIiS 
OE TWO NEMATODE PARASITES OF THE NOR I'HERN HAIRY-NOSED WOMHA I 
{LASIORHINVS hKfiJ'mi) (VOMBAI IDAE: MARSI PIAEI A) 



by 1 - K. Smai.i s*, K. Cl kHAkui '' & B. Hi.inkr iT*' 



Siinimarv 



Sm\i \.s, I U . (ji KiKK.m. K, tV: I Ieinki'. II, B. ) hmhryo)L»eneMS, niluiie aiul ilo.suipuon ol the tVcc-liviiiji 
Nlii^es of iwo nem;iioilc pDrjiMic.s of ihe nonhcn luir>-oosc<l \v«)nib;n \hi\iaihinu\ kuJlfli) (ViHiihiUivliic: 
MHisiipiHliHf Imfis. h\ Sth . S, .\usi. 125 ( I ). 37 6.* 31 May. 2001. 

I necal |vlle(s were c('I1l'cIyJ Irom lht‘ only exiani |xtpLil;jtH»n ol Lii\inrhinn\ knJfiH, iln: imhiIiceh hairy-noscd 
wombat at Lppinu torcsi Nblioiial Bark, fViiiral Qin?fns|anJ. Ncmatulc anti larvae, '.’xiraclcil liom iheso 
(X'lh'fs. rcpivsvnliri^ 24 h samples Irom llie lolal tpvsl populalion. wci-e culiuifd m Hit- lalKraimy. The clthv all 
pifsomed to Iv It rUu'tl us 1liM-slaec larvae aller lO - 23'/? Ii in iIisiillc<Ywalci 

ill 25*^ C I he optimum icmperuiiiiv loi lanaj haich in faeca ciiliiire was 20 All larvae had nioulied lo 
secoiid-viauf hy day 3 and lo ihird siapc she.’Uhcd larvae by diiy 5 rhird-^lage s\). larvae, smaller 

lhaii lurviie (4 S. x/u'ttfvi oeeuirin^ m \'<fii)huiu\ nr.\>nu\ ilie eommoii wombat were iilsn loimd iii Ihe eullures. 
riie developmeiiial s(ra|egies ot O. cpitini^tmis hcc-liviug slages. opliimiin icmpeiiiiHie Tor huiehinp and 
nnproicUcd tlrsi ami secoiid-sluge larvae, are cony.riienl with those ol simiigylid speeies iiaiive in lempeniie 
ivgion.N oiiiside Australia but noi iliose ol ihe Au.siralian sdongyle.s Nviuidofiius' niarropi. fiu,iiopintr\n\ 
nfsnuirifir^ iMhh/stnniiiy/us ClomiiHt all ol‘ whieh have proleeled sccond-.sUiue larvae aixl 

in the CiLsc v4 the lulier iwo speeies poiletleil llrst-sume laiAue also. 



Ki V VVuKos: UtAinrhimfs kfvfffif. vvmnbat Oc’^oiflia'^tisifunohics c///^/Hee//.VM, rV/omjt!v//HVA'v sp.. nemalodc 
lire-eyde, Irce-liviiTO singes. 



InCrodiiction 

krtj/Ui (Owen, 1S72) 1 Vuinbaliilae: 
Mursujiiulia) Ihe nurlliem h;i try -nosed vvombal is 
now ivNlricled lo a single popubiiicm of aboul 0.3 
individuals in lapping Tuivst National Bark ibKNl') 
120 km north wesi orClcrmonl (22 10' S. 140 4i' 
l*K CVntral Queeiislaiul (Crossman p/ al. I90a|. 
Allhongh Ihi.s species wa.s previously disirihiits.'d 
llirongh (^neonslaiKL New Sonili Wales and iicross 
the border into Viclorla the pro.sent rcdiietjon in 
range and mimbers is tlmughl lo liave ueeurred our 
the f)aM 120 years (Taylor t7 al, 1944). 'riic norlliefii 
hairy-nosetl wiimbal is listed as erilieally cndiinget.i’J 
(Maxwell <7 al. 19%) and a Recovery Plan is being 
managed llmmgb the Pnvihmhichr Pioieelicm 
AgeOey ‘'I Oncensland (Horsiip 19^191), 

The vvnnibals occupy u single burrow sy.sicnt a 
senes of large burrows arranged in loose elnsleis 
.dong Ihe banks ol a sandy gnily (Johnson 
Cros.sniijn 1991 ). riiese animals spend 2 b li. only 
at nighu above ground. Burrow eiiirunee.s arc marked 
vvilfi piles ol fresh laecal pellets with smaller piles 
depositctl along ||ie paths he! ween the burrows her 



noi elsewhere t.lohiison i<i Crussin;m 1991). hash, 
lhal IS still moist, pellets eollectod iVojh the burrow 
system al dawn can iherelorc proviilc a 2-1 h sample 
Iruni the lolal c.uaiil population ol the vvombai. 

Two species of gastro-iiUesliiial nemaUule 
(>r.s(t/i/my*o\ft*nmiih\K <7>/j9;t,n'//.s/s Smale.s. 1994 
(Sirongylida: Strongyiidae) and .S/rr>/7gy//»/V/e.N sp, 
(Khabditida'. Sirongyloulidac) have been rouiul in the 
northern hairy no.scd wombat (Snmles I99S. 
Cicrhardtr/ til. 2000). Ol these iwo species only one. 
O. produces eggs that piis.s out W ill) the 

(aeces, Aliy eggs e.xirueted Irom \vi>mhiil liieces col 
levied I mm RPN.S arc IbcTelbre prohahlv eggs o| O 
{'ppinynv IS is 

Dnnng 1990 and again in 1999 ihe opporliniiiy 
arose 10 colled iVesh t’accal saniplcs IVoni the worn 
hal populalion in EFNP Thi.s aclivily was sanctioned 
by Ihc Recovery Team. From these samples wc were 
able holh lo i.solale nemalode eggs and cnhnre larval 
nemaiode.s. Thi.s enableil ns (d invesiigaic the 
embiyogenHis aiid liaieliing o| eggs ol (). eppinucn- 
sis and lo dclerniine ibc morphology ol O. eppin^en 
S7V and sp, lal vMe. 

Materials and MeClioils 



Si-liHul t*| bS‘ntKiigfc;il iiml I .iivimiimi'iitil SfieiHS's. Cenii-il 
k»uc'VHs|iiiul I'liiwrsiiy. UiM.'khnHirlHii QlJ 47u2 
OoRsiip. A I p»a»n kLViivny |ii:iii lot ilu' imrilirm hiiiiy-nn.''. tl 
woDih;ii hrtfin iws 2l)(i.’ Rupnir >iil>Mmica in 

I iniianiiHTl AiKirulti tIk- Norilian Muirv it»'.si.d WumtMl 
Koinvciy rYiiiit lln* rX'pxiHiicMl ol tnviromni'Ml jxmI 

llriifJi^'C. Quei!io.tiriC iDiipiilv ), 



Tresh haeeal pellets, col leeied Irom RFNP in .lunc 
and August 1996. and August and .Scpiemher 1999 
were transported lo Rockhampton on ice and Moiod 
at 4** C. I£gg.s for emhryologidd study were e.xlruel- 
od Irom small amouiUs oh laceul malerial lhal had 
been sctlimcnrcd wdlh distilled water idllcen eggs 
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were measured. pkieeiJ w\ liailgiiig di’i'»ps. held lU 
ri’jnm temperaliire (25'^ C), uhsci ved hourly using an 
Olympus CH3 ilifR' rciilial inicrrciencc iiilctxtseope. 
and photographed. 

3 he number of eggs per gram of Iitcees in the pch 
lets was doici mined by Ihc standard NTcMasIcr teeh- 
nique". raeeal eulliircs \sere ihcri cslahlishcd using 
I g faccos, I g aelivaled charcoal (S inni diameter ), 
3 mi waler and 5 drops A^'/c NyslatiiU placed on Illier 
paper in iVlri dishes. Preliminary trials were carried 
out in PWi andculliires were set up al 18’\ 22’\ Ih' 
and 2b ' C ft>r seven days in 1999 The larvae eol- 
lecletl Nvcie examined live in water <n after killing in 
hot ellianol and clearing in a mixtnre of 70% 
etluinol and glycetine and being Icfl tinlil the alcohol 
liad evuptnaled. Larvae were differentialed iriir> 
strong yloi did and sirongvlid I on ns and tlu^ toial 
number of strongylids hatching alkr seven days, al 
each icmperaiurc. was recorded. 

Six sirongylid larvae were nieasineil on lunching 
liom Ihe luinging drop preparations dcscrihctl above 
Firsl-stagc sirongylid hn vac. colleelcd iMun a faceal 
ctiliiiic one day after its cstalilishmcnl, wore trans- 
ferred into a Peirt di.sh and maintained in a incuhalor 
at 2b ' r for four days, fen lat’Vao were recovered and 
measured on eslahlishinenl ol'tliC cultures add u fur- 
ther U) larvae were removed and measured each day 
for the next three days. 

Results 

Ry the lime the eggs had been iransporied IVoni 
LFNPr cxtraeicd from faceal pel Ids and cslahlishcd 
in hanging diops. embryoliVgical rlevelopincni had 
already commenced, sviih the eiriluyos having 
reached ahoul u 16 cell stage. Hggs measured 79-92 
(iSR) pni hy 42 51 (461 pm. The suigcs of devehip- 

iiient arc shown in fug. I aiul a time chan of the 
sct| lienee is given in Table I . 



Elongation of the embryo began at iiboul 9 lu ilie 
lai vilorni einbiyo began actively imwiiig lifter 1() h. 
the oesophagus was clearly visible after ahoul 167: h 
and the inlestine could he dilTeicnliaied i’rmn LS h. 
Hatching as firsi-siugc larvae oeetirrod atter )9 
237: h. Hatching involved the laivit twisting aelively 
in u eoniimioiis figiire-or-eight pallorn rollowed hy a 
pulsating movemenl against the side oftlie egg. Hus 
pulsating was associated sviih a bulge in Ihe egg- 
.slicll lollowcd by Ihe shell rupturing and the lurvu 
emerging as a ni st-slage larVii head or lad first, The 
hatching process look 2 H) miii. 

Results from the prcliminaiy trials indiealed lliiil 
hatching oeeiirfcd suecessfully between IR^ and M)‘‘ 
C hill noi al 4^ C. The ciimiiliitive nuinhers ol nenia 
uules that had liaiched after lour days in laeeal cul 
lure are given, as the perecniage haleh. in lag. 2. and 
svere eompaied among the four temperaiuie treiiL 
menls using a Chi .squared 2x4 coniingcney table 
analysis of the proportion of haiehcvi versus 
Linhatched There was a signineaiil dilTerciiee ana mg 
iTVatmcnts (X** < = 47.49, P < 0.001 ), so an iterative 
postviiori analysis was done by progressive removal 
of the most extreme treat men i group. The resulls o) 
this analysis showed there was no difference in the 
proponion hatching al I K <ir 22" C (yj\ = 0.27. N.S.). 
but the propoilloit hutching differed signilicanily 
among leinperaiiires of IK, 22 am) 2S ‘ C (with u 
smaller proporiimi liatcliiiig at 28'’ C: - 1 E72, P< 

(>X)I ) and also among teiiipcraliires LS, 22, and 26" C 
(wall a larger proponion halebing at 26' C: x*' = 
20.36. P< 0.001). Finally, iheie was a significant dif- 
ference belwccn 26 ami 2S® C in the proponion 
batching (xXi = 12.31. P< O.OOl). 4'akcn together, 
these tests ilifleremialed three slalisiieally signincant 
groups. Hatching was Imvest at 28"^ C, jniormediaie 
al IK ami 22*** C, and higher lh,m both of these groups 
at 26'" r. 

Although during col lection, Iraii.sporl ami sloragc 



‘l AUi !• I . /htw < h<nf iff M'lfiwfhy of Oesoptuigoslomoido'^ eppiugensis cgy.v Ac/i/ in lumj^ina dntps of tfisrHhul 

uV/Nv*oi 25 C. 

Stage Time (hi 3 6 9 12 t5 IK 21 24 

inonila 

dnngaliiMi begins 

\ermirornl einbiy o 

niuulh visible 

<>csopluign'v visible 

tunbr) .1 \ length egg 

MitCNime well defined 

liaichiiig 



Stliunl Ml Vcieilnaiv SeiciKc Labiwatiny XVmhkiI Ioi 

Wlfijna^y hiMisjlolMgy. Universily m|‘ M clK'iiirti; (Uiipiih.), 




I.ARVAL NEMATODES FROM IJiSIOHHlNUS KHEFFW 







Fig. 1. Ocsopha^ostomoides epp'mgcnsis eggs kept in hanging drops in distilled water at 25® C, A. Attcr 4 hours. B. Aftei 
5 hours. C. After 7 hours, elongation beginning. D. After 9 hours. E. After 1 1 hours, larviform embryo, elongated to twice 
the length of the egg, now active, F. After 1 3 hours, oesophagus forming. G. After 15 hours, larva about three times length 
of egg. H. After 1 8 hours, intestine visible. 1. After 20 hours, heginning to hatch. Arrows indicate developing mouth. vSculc 
bars - 20 pm. 
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ri^. 2. rercciuage ol* 0<*soplmf;osu)ntoiilvs vi)ifin^rn\is 
eggs hiu vested as larvae (Vom faecal culiures heUI ai j 
range oi temperatures for 7 days — — — ~ IK° C. 
— =22^ C. — = 2 (>' C. t = 
2S’ C. N= the number of eggs hiUclicd ft*r each 
ireatmeiil. 

faecal pellel.s were kepi ipoisi al ahoiil 4'’ C\ the lime 
in slOKigc nuiy tiavc alTecled the viabiliiy ufiltc eggs 
and hence the overall relalively l<nv hatching rate al 
all Icmperaiures. riirlhcr. ihc kig'islics oflhc exercise 
precluded bolh the collection of large amounts td* 
nnik'fial at any ^»ne time and multiple cnlleciirm 
events. NolwilhsUinding these liniilalit)ns. an iiilor- 
niative sel of dala has hecn collected. 

Mcasiiicnienls oflhc slrongylid larvae arc given in 
1'ahle 2. All larvae had motilled to seetnni-stage by 
day } tiiul l«» shcatlicd third-stage by day 5 (Figs 2 
4). Rolorc moulting the larvae aliaehcd ihciusclvcs 
tt) Ihc substrate by the anterior end. Sun ting from the 
posterior end, the etiliciilai .sheath became loo.se and 
the Itirva vvrigglctl backwards tiniil it wtts free, leav- 
ing the sheath llrmlv allacheil lu the siihslrale. These 
larval shetuhs were deteetcil in Ihe euluijv on day 3. 
Although moults to ihird-sUigc were not ob.scived. 
some eiilieiilurisalion of Ihe buccal region and 
greuler deliiillitm of the lips was apparent by day 5. 
A small gLMiilal tinlage could be seen in the Ihinb 



stage lanaie. 

Also deieeied in all faeea) eiillure.s on day one was 
a luiinber ol larvae with rhabdiliforiii oesophagus 
morphology and by day lour, forms with a Ituig filar- 
iform oe.sophagiis aiul a nolchcd tail, typical of inJ’ce- 
live larvae rd’ species of the genus ^//•o//.vvA4Jc.v. 
were tilst» apparent. Tliesc larvae were 425 -470 |tm 
long with die oesophagus 200 - 230 pm long, the tail 
40 - 5R pm long and Hie genital unlagc 240 - 300 pm 
from the anterior end (Fig. 5). 

Discussion 

The Australian simngylid.s studied thus far. have 
IVce-living larval stages that leiaiii llic culiclc td pre- 
vitm.s iTunilis to sheath subsequcni stages. 
Ru^i>phurynx Beveridge Al Pres i demo. 

t07S and Hypodouht.s /i/ncn.»//i Monnig. 1020 both 
hatch as first stage larvae and retain (he shc<ilhs of 
(he first and scCiHid niiHills. so that llie .second -si age 
larva is sheaihed and the diird-slage larva has a tloii 
hie sliealh (Beveridge A: Picsldenle 1078; Beveridge 
1070). I.tihitfsfrinp 4 yl(i\ c//gcn/V Jt)hnsio|i Ar \iavvsnn, 
1040 hatches as a sevcind-sUige sheathed larva and 
mt>ul)s t<> a Ihird-slage dotilde sticallicil larva 
(Sinales 1077) and Chi)t ink .stniilis .hihnsloii A: 
Mawson. 1030 hatches as a Ihird-singe dmihle- 
sheallied larva (Clark 10710- 

By eoniriisi 0. cppinsiat.si.^ luileliCs us a liisl-slage. 
unsheathed larva and relain.s only the soeond-stage 
cuticle as a single shemh around the third-stage 
larva. These diffcvciiecs in sUige of Imieliing are 
reflected in (he time taken from the beginning of 
embiytigenesis (o halehing, 10 - 23 h for (). rppit\- 
12 li for //. mwropi. 20 - 40 h for K. ros- 
tiuiriiu' and 67 1 14 h for /.. c//,eem7 (Sniatcs 1077: 

Beveridge A: I’rcsidcnic 1078: Beveridge 1070). The 
lime CK c/Y>//igcu.vi.v look to hatch and then <ieveUtp 
to third-stage sheathed larva (4 days al 28'^ C) is con- 
sistent with the litc eyele. pallorns given by Anderson 



Tmui- 2. McastnvfnpNh OesnphagoMoiiioides eppiiigeiiNis m ihsuUcd t\( 25 C. Ten kirvae ^\v^c 

rvihovcd and measuivd eadi day. The umge is I'ul lowed by ihu mcan. 
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I t/c/v //t/vn USl (It'Misi 'I’licsis. 'Ihc Uiiot’i'.iiv ol 

.AJehiMk* (iiiipiiivj 
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iMg. 3. Ocsopluij^itsiomoiiles vppifij^ensis larval developiiicnt when cultured in distilled water at 23^ (’ Ibr 4 days. A. 
Hatching. B. First -stage larva, day 1. C. Seeund-stage larva, day 3. D. Third-stage larva, day 4. Scale bars = 40 fjui A • 
C:: 70 gni L), 



(2000) for the siipciTaiiTiIy Sirongyloidea, to which 
Ocsophuj^nsUiRtoidcs be longs. 

The process of hatching, including increased larval 
movement, for O. eppingensis follows the basic \rM- 
tern suggested by Bird & Bird ( 1991 ) as common to 
all nemaltidcs. The escape of the larva hy mechani- 
cal disruption ofpart of the egg shell is similar to that 
described lor L etigetiU (Smalcs 1977) and could 
therefore also involve cn/yme action to elTecl a 
change in permeability of the egg and increase plas- 
ticity of the shell (Smales 1977). 

Examination ol‘ eggs and larvae confirmed previ- 
ous suggestions (Smales 1994: Gerhardt c/ aL 2000) 
that only two species of intestinal nematode occui in 
L krefftii Measurements of eggs in this study (S8 - 
92 pm X 42 - 50 pm) are consistent with measure- 
ments of eggs of TA epphtgeusis and fall within the 
si/e range of eggs of other intestinal nematodes 



occurring in wombats (Beveridge 1978). The range 
of temperatures at which egg hatching occurred, 1 8 - 
30'^ C is consistent with that recorded for other 
slrongylids. For example, the eggs of Chahertla 
ovhui (Eahricius, 1788) hatch between 6 and 36"" C, 
SfroNgyliis vitigaris (Looss, 1900) between 8 and 39*^ 
C, Oesopluigostonnnn columbiamuti Curtice, 1890 
between 15 and 37^ C and Castor, si nmgylus rasforis 
Chopin, 1925 between 18 and 25^' C (Anderson 
2000). Given the hot, dry climate of EFNP, vs^e 
expected that the optimum temperature for hatching 
would have been at the high end of the range such as, 
for example, 3(T C recorded for S. vulgaris and O. 
coiumbkinuni (Anderson 2000). The optimum was, 
however, 26^ C, a temperature reported as optimum 
for C. ovifui and close to the 25“ C optimum report- 
ed for a number of slrongylids, such as Ostrrtagia 
osiertagi (Stiles, 1892), Tricliostrongyhis axel 
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Fig. 4. Oesopha^osiomoides epp'w^ensis free-living stages, a. First-stage larva, b. Second-stage larva, c. Third-stage infec- 
tive larva. Scale bar = 50 gm. 

Fig. 5. Strongyloides sp. Free living stages, a. Rhabditiform first or second-stage larva, b. Filariform third-stage infective 
larva. Scale bar = 50 pm. 



(Cobbold 1879), Syngamous trachea (Montagu, 
1811) and Aiicylosioina caninum (Ercolani, 1859), 
found in temperate climates (see Anderson 2000), 
One possible explanation is that eggs might go into a 
state of aiTestcd development at high temperatures, 
as has been reported for the eggs of animal parasitic 
and plant parasitic nematodes (Waller & Donald 
1972; Bird & Bird 1991), to ensure survival. 

Of the three morphotypes of larvae found in faecal 
cultures, the first morphotype was a typical 
strongylid. No obvious differences in size, growth 
rate or morphology of this type were detected during 
culture, lending weight to the presumption that these 



larvae represented a single species, namely O. eppin- 
gensis. 

The other two morphotypes could clearly be des- 
ignated developmental larval stages of species typi- 
cal of the family Strongyloididae. Although both 
genera Parastrongyloides and Strongyloides occur 
in marsupials, only a Strongyloides species has been 
reported from vombatids (Skerrat 1995). 
Consequently these larvae are presumed to be 
Strongyloides sp., possibly S. spearei Skerrat, 1995, 
occuiTing in the common wombat (see Skenat 
1995). The infective larvae we found, however, 
were smaller (mean lengths of 445 pm compared 
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Nvilh fLini) wiili a sliurlur ocNopha^us <210 pni 
coinpiirctl vvilh 236 pm) a shorLcr Liiil (47 pm cm \- 
parocl with 1^) pm) and with the genital anlagc ulus- 
ci 10 the anterior end (277 pm compared with 324 
pm) than in S. speanu. They may, ihercrore. he 
either a distinct species or represent a popLilation r>f 
smaller winnis than populations olW. spvurvi I'rom 
the coiiimon womhai. A more detailed examination 
id' all stages of (ho lilc cycle, particularly by cultui- 
ing larvae Ihroiigh to adulls, is needed helbrc the 
spec I Tic sialiis of the Smn\}>\loult‘s sp. IVuiti the 
northern hairy- nosed womhai can be determined 
3 lie hatching of L as a sheathed seconil- 

stage laiAa was thought by Smalcs (1677) to be a 
protective response to the potential for desiccation of 
eggs and larvae under Australian climatic condilions. 



Neither this strategy nor a preference for higher 
temperatures for hatching success has evolved in O. 
('ppnii>cn.sis. Monitoring for the presence of 
intestinal helminths in the EFTs’P population through 
1666 (Gerhardl ei til. 2000) has shown that () 
rpphii^vnsis is present throughout the year, l^atvae 
must, neveithelcss. be sufficiently robust to survive 
the hoi summers and dry winters typical of Central 
Queensland. Kurlher work is ncctlcd to determine 
the level of heal (oleraneo and responses to 
desiccation ofO. t’ppin,i:i'H.Kis and how they relate to 
the life-eycle strategics of the parasite. A belter 
understanding of the dynamics of the free-living 
stages could be usel'ul when developing 
management strategies for the wombat host 
population. 
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